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REMARKS 

By the present Amendment, independent claim 19 has been amended to 
recite a method of treating skin comprising applying a cosmetic composition 
consisting essentially of citrulline in an amount of 0.5 mM to 60 mM to skin so that 
active oxygen in the skin is scavenged by the citrulline. Dependent claim 20 has 
been amended to recite that the cosmetic composition consists essentially of 
citrulline in an amount of from 4 mM to 60 mM. Conresponding revisions have been 
made to independent claims 25 and 26 and new dependent claims 28 and 29 have 
been added to recite the range of citrulline of from 4 mM to 60 mM. 

Support for the new claim language is provided in the specification. In 
particular, the ability of citrulline to scavenge oxygen is set forth throughout the 
specification and the quantitative evaluation of the scavenging effect of citrulline is 
described in the passage beginning with paragraph [0033]. Paragraph [0035] refers 
to Figure 4 and describes concentrations of various materials that inhibit 50 percent 
of hydroxylation of salicylic acid. From the results being shown in Table 1 of 
paragraph [0036], it will be understood that the 50 percent inhibition concentration for 
citrulline is 4.34x10"^ molar or 4.3 mM. Figure 4 illustrates concentrations up to 
0.06 mM or 60 mM. 

From the data provided in the specification and in Figure 4, it is clear to those 
of ordinary skill in the art that amounts below 4 mM are effective. To further 
demonstrate this point, the Examiner's attention is respectfully directed to the article 
entitled "The Application of ESR Spin-Trapping Technique to the Evaluation of SOD- 
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like Activity of Biological Substances".^ While this article does not relate to citrulline, 
it includes a discussion of the kinetic connpetition with a 50 percent inhibitory dose 
(ID50) involving the second-order rate constant for the reaction between an oxygen 
radical and a biological substance. In this regard, the Examiner's attention is 
directed to formula (9) on page 190. If one solves the equation for "X" (the ratio of 
oxygen radical consumption by the scavenger), the formula is reduced to : 
X = (lo - l)/lo. 

The formula for "X" can then be inserted into formula (8) which is the 
concentration of the scavenger "[S]". When this formula is solved, the result is: 
lo/l = ([S] + ID5o)/ID5o. 

Based on this formula and knowing that the "ID50" of citrulline is 0.00434 M as 
set forth in Table 1 , as well as the reaction rate consistent that is also provided in 
Table 1, a concentrations of 0.5 mM citrulline can provide a value of 89.7 percent of 
the control and a concentration of 1 mM citrulline can provided a value of 81 .3 
percent of the control. Thus, based on the information provided in the specification 
and Figure 4, applicants respectfully submit that the claims of record are fully 
supported by the present application. 

The claims now of record are neither disclosed nor suggested by the prior art 
set forth in the Official Action. In particular, JP 9-241637 which has been referred to 
in the Official Action as "Okubo", relates to a composition capable of removing active 
oxygen free radicals using a composition that comprises an active oxygen free 
radical scavenger and one or more substances selected from uronic acids, uronides, 
mucopolysaccharides and amino acid-peptides. While citrulline is included amongst 
^ Bulletin Chemical Society of Japan. 63. 187-191 (1990). 



Application No. 10/626,624 
Attorney's Docket No. 1026350-000087 

Page 6 

the amino acids set forth in paragraph [0071], it is not disclosed as being the active 
oxygen preradical scavenger, but rather as an auxiliary agent. This understanding is 
made clear from this same paragraph which indicates that if the amino acid is 
combined with an active oxygen radical scavenger, it will demonstrate a strong 
effect. However, Okubo itself teaches that citrulline by itself does not have a strong 
scavenger effect. This is made apparent from the Table in paragraph [0096] which 
shows that for citrulline by itself (citrulline is the second to last material under 
component "Z"), the effect is "VW" at all the tested pH values which means that the 
effect is very weak. It is only when the materials are combined with the separate 
oxygen scavenger "EGC" (epigallocatechin) that acceptable results are obtained.^ 

With a clear understanding of what Okubo fairly discloses, those of ordinary 
skill in the art will recognize that the claims of record are patentably distinct. Okubo 
requires the presence of an oxygen scavenger and uses auxiliary compounds, one 
of which can be citrulline. Thus, the document clearly does not meet the presently 
claimed methods which require that the composition or method consists essentially 
of citrulline in the defined amount. Therefore follows that the claims are patentable 
over the fair teachings of Okubo. 

Published International Application No. WO 95/15147 which the Examiner has 
referred to as "Ennen", describes the use of L-arginine, L-ornithine or L-citrulline or 
their salts, acid addition salts, esters or amides, as needed with the addition of folic 
acid or its salts and/or one or more compounds selected from the group of flavins, for 
prophylaxis and/or treatment of neurosensory phenomena. In relying on this 

^ See paragraphs [0040]-[0042] for the description of epigallocatechin and other similar compounds as 
the oxygen radical scavenger. 
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document, the Examiner has referred to page 16, formulation 6 which includes 143 
mM of citrulllne in the composition. The Examiner has conceded that Ennen does 
not expressly mention a method of treating skin by applying a citrulline-containing 
composition as recited in claim 1 9, but has asserted that such use is inherent. 

As recognized by the Examiner, Ennen does not teach the scavenging of 
oxygen by the use of citrulline and clearly does not teach such use by the defined 
amount of the material. Indeed, the formulation relied on on page 16 of Ennen is not 
designed to scavenge oxygen and contains substantially more citrulline than the 
amount set forth in the claims of record which have been shown to be effective by 
the evidence provided in the specification, such as in Figure 4. Thus, Ennen also 
cannot be used to reject any of the claims now of record. 

Since claim 21, as well as claims 22-24, have been canceled without 
prejudice or disclaimer, the rejection under 35 U.S.C. §1 03(a) of claim 21 has been 
rendered moot. However, in view of the substantial differences between the 
respective documents and the claims now of record, applicants respectfully maintain 
that the claims are patentable over the combination of prior art used to reject claim 
21 , even assuming that there is a proper basis for combining the respective 
teachings of the documents. 

With respect to the rejection of claims 26 and 27 under 35 U.S.C. §1 03(a) 
based on U.S. Patent No. 5,874.471 which has been referred to as "Waugh", this 
patent describes the orthomolecular medical use of L-citrulline for vasoprotection, 
relaxative smooth muscle tone and cell protection. As set forth in the Abstract, the 
method provides administration of "sizable amounts" of L-citrulline as a precursor 
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substance for bioconversion to L-arginine. This method does not constitute a 
method to improve preservation of an oxygen phobic substance as recited in claim 
26. Moreover, the disclosed method is specifically designed for oral ingestion to 
convert the L-citrulline to L-arginine and therefore does not relate to a method of 
decreasing the active oxygen contact of an active oxygen phobic substance as 
specifically recited in the claim 26 by adding citrulline in the defined amount. In this 
regard, claim 27, which defines specific active oxygen phobic substances that are 
treated to decrease the active oxygen content thereof, is even further removed from 
Wauqh . Thus, claim 26 and the claims dependent there from are also patentable 
over Waugh . 

For all of the reasons set forth above, applicants respectfully submit that the 
claims of record are patentable over the cited prior art and therefore request 
reconsideration and allowance of the present application. 

Should the Examiner wish to discuss any aspect of the present application, 
she is invited to contact the undersigned attorney at the number provided below. 

Respectfully submitted, 
Buchanan Ingersoll & Rooney pc 

By: /liU^J^ - 
Robert G. Mukai 
Registration No. 28531 

P.O. Box 1404 

Alexandria, VA 22313-1404 

703.836.6620 
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The Al^lication a£ ESR Spin-Trapping Technique to the Evaluation of 
SOD-/»*e Activity of Biological Sabstances 

Keiichi MrrsuTA.* Yuklo Mkitta. Masahiro Kohno, Midori Hivlamatsv^ and >Udune Mow* 
ESR A^pSicaLion LaboraUMy, Application and Rcseaith Center, Analytical Instruments Division 

JEOL Ltd., Akishima. Tokyo 1 96 ' 
^Deparuncni of Ncurochcraisiry. Institute for Neurobiology. Okayama University Medical School, Okawma 700 

(Received Jtinc 20, 19$9) . 

TTie SOn./ift^ acd^^^^^ of several biological subscances was ev^^luated by an ESR spin-irappins.tcchniout 
Superoxide radicals (O,- ) wert supplied enzymaricaliy from a hypoxanthinfi-xamhine oxid« r««io™o 
evaluating system. By using a spin trap S^S^iimeaiyH.pyrroline A/^xide (DMPO), the gen/iraied O,^ ^5 
trapped sioichiomctricaHy (1:1 as the spin adduct of O,- (DMPO-O.-). When biologiii substanM w2e 
added 10 the s^;s!^, a decrease m the ESR signal imensidcs of ihc adducts va^ observed This phenomenot! 
could be explajned as bang an inhibition of ^^dduct Wation, and rclaied 10 the reacttvity of addM biEoi 
At^^^^rr^^ '^i^'^r activity. . By the method of kinetic competition with a 50% inhibL^y 

dose <roao), second-order rate constant for the reaction between Or and biological substance wai 
determined. These rate constants can he used as a measure of the reaaiviiy. 



Superoxide radicals (Or ) art generated frorn mo- 
lecular oxygen or hydiogen peroxide by an one- 
eleci/on tramfer reacdon.^ This radical indijces. 
various injiiries to the surrounding orgam$in^»'» 
Therefore, removing Oa" is probably one of the most 
effective defences of a Jiving body against oxidative 
stress-^^aJ In 1969, McCord and Fridovich found 
superoxide dismubise (SOD) to be a scavenger of Oz".*^ 
Superoxide radical generati<Kiu and SQ 
. in - Iviological systems are comrDonly measured by 
optical spectrdnrvedry using cytochrome c, tetranitror 
methane, epinepluithe, nitroblu^e tctrazoHum (NBT), 
pyrogailoU lactate dehydrogenase (LDH)i as- 

corbate, hydroxy laminc, and 6-hydroxydopamine.^'^^ 
However, there are :some questions about these 
me!lu>ds: the low selectivity against Oa" and/or an 
obstruction by the coexistence of insoluble particles 
and colored impurities, such as chromoproteins.^'* 

Superoxide radicals are also detected at low tempera- 
tares by ESR spectrometry using a rapid-freezing 
technique or at room ternpcratune by a spin-trapping 
technique. Espedaily, the spin-trapping technique"' j 
is useful for disaiminanin^ trapped radical spcdiesr 
and various, short-lived radical intermediates are 
identified by this technique.*^ In the process of 
developing this technique, many workers have re- 
ported reactions between specific radical species and 
their scayengers.»3-i« Recently, part of these studies 
was applied to an assay of SOD xiciiviiy."-^® This 
SOD. assay method can be used to analyze crude 
samples without any piurificatioa, since the color and 
turbidity do not affect the measurements. 

There have been some reports that coexisting 
substances, such: as L-ascorbdc acid or celuroplasmin, 
hinder accurate measurements of'SOD aaiviry.* This 
m^ans that they have an SODilike activity in playing 
in^JKJnant i!olg$^^^n biological defences agaiiist 

Oj- B.2<5 On the btiiiir mpdi it^b^^^ reported tJhat 
in competition reactions for O2* berW£Sn i5;5*'dira.^yl. 



Upyrrohne AT-oxide <DMPO) and SOD. the formation 
of the adduct (DMPO-Or) was suppressed by SOD. 
and the second-order rate constant of DMP O. itself. 
. WAS estimated from the inhij^itory ^ fferr of sop is^iJ 
Here, we expand this mediod to evaluate the SOD-like 
activity of various biological substances- 
Experimental 

MaCeriab. A nitronc spin vap [5,5-dimcihyJ-l-pyiToIine 
/V-oxide (PMPO. Mitsui Toatsu Chcmicah>J, a chelator for 
trace metal iropwiites [dicthylcnctriamlne-A^, W>Ar^,V,A^''* 
pentaacctic acid (nETAi>AC. Wako Pure Ghemical)], a 
superoxide radical source fhypoxanthinc (HPX, Sigma 
Chemical) and xanthine oxidase (XOD, Boehringer 
Mannheim, cow milk)], and a primary standard of spin 
concentration [4-hydroxy-2.2;6,6-LecTamethylpiperldine-l- 
oxyl (TEMPOL, Sigma Chemical)] were used 

Radical, scavetxgers [coppcr^^ztnc superoxide dismuuse 
(Cu^n-SOD/ Boehringer Mannheim, bovine erydirocytc), 
manganese supfcroxide dismutase (Mn-SOD, Sigma Chem- 
ical, Escherkfm colih iron superoxide dismutase (Fe-SOD. 
Sigma Chemical. Escherichia coU% ccruJoplasmin (Alpha 
Therapeutic, human serum), a^orbatc oxidase (Toyobo, 
type nr. cucumber), ferricytochrame c (Sigma Chemical, 
type vr, horse heart), peroxidase (Toyobo. type l-C. 
horseradish), caialase (Boehringer Mannheim, type L beef 
liver), and L-ascorbic= acid (Datichi Pure Chemical)] were 
also used. The other chemicals used were of the highest 
grade commercially available. 

Yiuuuincnts. ESR spectra were recorded p%x a JEOL JES- 
RE IX specnromeier using an aqueous quartt flat cell (a 
JEOL LC-12 ESR cuvette, inner size OOminXlOmmX 
0.31 mm. effective volume l€0|il). Optical absorption 
spectra were measured by an Ocsuka Electronics MCPD-lOO 
muki-cbanncl photodetector. 

Preparation of Samples. Superoxide radicals weie gencr* 
ated from a hypo.xaiuhine-^canthftie oxidase (HPX-XOD) 
r^acunn system. 

The sampling procedure was as follows: One hundred 
mM (I M=l iiiol dm-') sodium phosphate buffer solution (pH 
7.8) was used for a.solveni. A solution o( 2.0 mM HPX (a). 
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53 inM DMTAPAC {h), various concentraiioiw of biological 
substance (c) wi 0.33 uoSi/ml XOD (d) was |>Tepared before 
use Th«; XOP solution was stored in an ice biath so as to 
prevent aiiy inaatvation of eniymc 

Fifty ^l of a, 55 ^1 oC b/50iil of c (or solvtni) and 15 jd of 
DMPO were PMC tnto a test tube,- To the mixed solution, 
50 pi of d was added. After quick stirring. 2<00|U of the 
miscturc was taken into a flat cell. The mixture contained 
0.50mM HPX. 0,96 mM DETAJPAC, 0.67 M DMPO^^d 
0.08? unit/ml . XOD. and an adequate concentration of ihe 
biolt^gkal substance. 

Measureraenis, Tlie enzyme activity of Cu.Zn-. Mn-, and 
Fe-SOp ^as calibrated by the method of McCord and 
FridovicK.* The superoxide radical gciimtion in our 
system was continued by the reduction of femcytochrocae c 
using the absorbance change at 550 nm.^ 

A quamiuuve analysis of DMPO-Oa- by ESR spectro- 
metry was performed under the foUowing conditions for 
obtaining a high reproducibility of the spin adduct yields: 
Recording of the ESR jpcctrum started 4Q s alter the addidon 
of XOD. The recording rate was 5mTfliin-i After 
recording. &e signal intensity ol the lowest fttsid peak of the 
spectrum (about ^§s after the addidon o( XOO) was 
normalized; as a relative height against the standard signal 
intensity of the manganese oxide marker (MnO). Ah 
absolute cooceotratioD of DMPO-Ot" was jfinally deter- 
mined by a:.doubie-fntegration of the ESR spectrum. One 
jiM TEMPOL solution was used for aprimaiy standard of 
ESR afosorpdon. 

Resttlts and Disoositm 

Reactivity of Sev^ Biological Sixbsiances With . 
O2'. When DMPO was added to a solution of the 
HPX-XOD reaction system, the spin adduct, DMpO- • 
Ot", was formed. Figure 1(a) shows a typical ESR 
spectrum of DMPO^Oa- obtained under conuolled 
conditions. . Hyperfine coupling constants of the 
signal were analyzed as one nitrogen, ttK=5j.4i mT, 
one hydrogen of /5-posiuon, aH/»=1.14mT, and one 
hydrogen of 7-position, flH>-0.13 mT.»* At the same 
umc, a small amount of the hydroxy I radical adduct 
(DMPO-OH, ttN=fliw=l.4eniT) was observe^".") 
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When Cu,Zn-$OD of various conceniradons was 
added to the system, the signal intensities of DMPO- 
Oa" decreased with an increase in the SOD concencra- 
uon, as shown in Fig. 1(b) to (e). This phenomenon 
suggests that the reaction between Oa"^ and DMPO is 
inhibiiedhy Cu,2n-50D: According to Fiokelstcin ci 



(a) SOD 0 




0OH» 



^ — ^ 



(c) lenM SOD 



(id) G3nM SOD' 

(•) 2S0nM SOD 

-^jv ; ^ 




(f) SImuiatlon 



Fig. I. ESR spectra of PMPO^Oa- farmed from the 
HPX-XOD system. The medium coniained 0.50 
raM HPX, 0.96 mM DETAPAQ 0.67 M ElMPO. 
0.083 umt/ml XOD, various concentrations of Cu, 
Zn-SOD and 100 mM sodium phosphate at pH 7.8 
23**C AsmaHamountofDMPO-OH(») was found 
in the spectra. Modulation amplitude was 0.05 mT 
(100 kHz), recording rangt- 10 mT. recording time 
2 mm, time constant 0.1 $. microwave power 8mW 

: (9.414CH2). Simulation spectrum consisted of 90% 
DMPO-Oa" and iO% DMPO-OH. 
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Cpnctntratlon of biological Bufiotanca /M 



ni^^J^'^''^^^^^ of various btolofficalsub5iance> on thefarmari 

"""^"^ f^ricyiochrome c (0). peroxidase 
(■lucaxalase (A), and L-ascorbic acid (€))- 
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aL,"'»^ this phenomenon is a competition reaction 
between DMPO and SOD for Os \ 

A phenomenon similar to the addition of Gti^Zfi- 
SOD oannred widely in the addition of varibus 
biological substances such as Mn--SOD, Fe-SOb, 
ceruloplasmin, ascorbaie oxidase, ferricyiochrome 
peroxidase* catalase, and t-ascoxbic add. Figure 2 
shows the relationship between the signal intensities 
of the DMPO-Ofl- observed and the concentrations of 
the biological substances added. Among the biologi- 
caJ substances* the pattenw of inhibitory effects were 
similar, but the effective concehtration ranees were 
different ^ ^ 

The inhibitory effect of the biological substances 
was in the order: SOD > peroxidase > ascorbaie oxi- 
dase >catalase^ ceruloplasmin ^ ferricytochrome c ^ 
t-ascorbic add. 

Stoichiometry between Generated Oj" suad Formed 
Spin Adduct. When DMPO of various conccntra- 
nons was added to the HPX-XOD system, the sigiial 
intensities of DMPO-Oa" increased with an increase in 
the DMPO concentration when it was less than 0:5 M 
and were independent of the DMPO concentradon 
when It was more than 0.5 M. Figure 3 shows the 
relationship between the concenuaiions of DMPO- 
O2- formed and DMPO added The figure indicates 
that the DMPO concentration shown in Fig. l<a) 
(0.6? M^ the cQnu:orcpndiiiony.sec:£xperin>enial) was 
at a saturating level for gcnwated Ot\ This ob^ 
servanon indicates that almost all Oa^ is trapped by 
DMPO under the conditions spedfied in Fig. l(a)." '« 
ThU result was coippated with tile rcducdon rate of 
fcrricytochrome c. Figure 4 shows the reduction rate of 
fcmcytochrome c (A) when 0JJ3 mM ferricycochrome 
c was added to the HPX-XOP system instead of 0.67 M 
DMPO. The conoenuation of DMPO-Oa" (•) mea- 
sured under, the conditions $pcd£ied in Fig. 1(a) was 
overlapped on tlie jSlots. In the experiment, ihff 
concentiauon of ierricytOGhrquie c was suffident tot ■ 
scavenging 02% because 0,53 mM fcrricytochrome c 




0,4 o.s o.a 1,0 

OMPO conap.nb-«t(on /M 



1.2 



Fig. 3. Yields of DAfftO-Oa- as a funxnion of DMPO 
ooncenuauon in the HPX^XOD reaction system. 



can almost suppress addua iormadon, as shown in 
Fig. 2. This £aa means that the reducdonraie of 
ifflicYiochrome r by Qg' is nearly "^ual 



the 



gnerauon rate of Q^" of (feUy&Ifcih.gQ In'ThTE;? 
the concenu-ations of redi»::ed cytochrome c (ferrocyto- 
chrorne c) and formed DMPO-Oj" increased io 18 ^M 
after about .^Og, and Ac time course of DMPO-Oa" 
within the period also agreed with that of fcrrocyto- 
chrome c. 

Thus, the correlation between the concenuaiions of 
formed Xerrocyiochrome c and formed DMPO-O-.- 
^^^^t"*"^ generated from the 

HPX-XOD system dunged rapidly and stoichioraet- 
rically (1:1) into the DMPO-Oj" under this e:^pexi- 
mental condition, and (2) a kinetic study of generated 
Oa' using the signal intensities of DMP0«02~ is 
j x >ssfble at ati ^rl y stag y qf r farr i fi r v 

EvaluaUoo of Sccond^rder Rate Consunt for Ae 
Reaction between 02* and Biological Substance. Based 
on the obtained results, we modified the kinedc com- 
petition mod^h'^^Ui.u^ Cor <nir experiments. It is 
useful to consider the iitst step of the scavenging 
reaction of O2* as a contact 3fcacdon between and 
itsreactant Assuming that the contact reaction of O2" 
to DMPO or scavenger (S) is of second-order, the first 
step of each reaction can be described as 



and 



02^ -hS 



(I) 



* ^rOr. (2) 

where kx and kz are second-order rate constants for 




1' 2 3 4 

Reaolloir tlma/mln ' 

^^''.'^ product formaUon in the 
^^Tr^^ reacttpn system: Fenocytociaromr c (A) 
and PMPO-Ofl- (•). - v / 
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reactions 1 and 2, respectively. Then^ the iniuial rate of 
each reaction is given by 



and 



(3) 



(4) 



A spontaneous duproportionation of Oa" often 
i causes a scavenger-independent decrease i oi DMPO- 
Oa", In our experiments, however^ such a.deci^se was 
insignificant. The sup»axide-sc9venging:eff«ct caused 
by an added scavenger has Its main contribution to the 
intensity change of DMPO-Oa", since the DMFO 
\ concentration (0.67 M) is sufficiently high to nap 
\^most all of the Chr under our expenm^ntal 
conditions (as discussed in the preceding^ section]. A 
similar consideration was Hrfii reported by Sawada and 
Yamazaki.^ Thus, when reactions 1 and 2 compete 
with each other, the reaction rate in the iinitial .«tage 
can be expressed simply by 



dfPMPOOa'I dfS-0»'1 



<5) 



where variable X (0<X<1) is the ratio of Oi^ 
consumption by the added scavenger. From Eqs. 3, i, 
and S, the following equation can be derived: 



[DMPO] 



(6) 



In the case of 50% inhibition (X=p.5), a conventional 
measure of the inhibition* ID«o (inhibtitory dose* 
fifty), can he used.<-«-» w.i»,w) Equation 6 can be 
simplified ias 



(7) 



In the above equation* [DMPO] and IDa are the 
experimental values^ and ki at pH 7.« is obisained from 
Ref. Hl6be l8M-i9->. Therefonr/by usiiigtDMPO]. 



ID«o and ki as known values, we can estimate an 
approximate value of unknown hi. 

On the. other hand. IDn.can be related to (SJ by 
using variable X (see Eqs. 6 and 7) as 

where means the ratio of the competition 

between scavenger (S) and the spin trap (DMPO). In 
addition, from the definition of variable X, the spin 
concentration of DMPO-O2" in the early stage of the 
reacdon is written by 



<9) 



where I and h are the spin concentrations of 
DMPO-O2" in the presence and absence of a scaven- 
ge, respectively. The h is also a constant peculiar to 
the superoxide geheradng system. 

Based on Eqs. 8 and 9, the inhibitory effect of 
biological substances can be simulated by computer. 
When simulations were carried out, / and {S] were 
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Fig. 5. Inhibitory effect of Cu,Zn-SOD on ihc for- 
mation ol BMPO^a": Exptrimenial (O) and siunu- 
latffd (#> vaJu)», where h and IDso used were 
LaXlO^ M and 7.SX iO-« M, respectively. 



Table I. rPw and Second>Order Rate Constants o( Varipos iBiological Substances 



Substance 



k2 



pH«r 



Ref, 



Cu^50D*> 

CcruloplajOT in** 
Aicorbate oxidase^ 
. Fcrricytochromc <^ 
Peidxidase^ 

L-As^bic acid 



6.5X1 (H« 
5. IX 10-* 
1.5X10-^ 
2,5XlO-« 
2.7Xl(>-» 
5.0X50-' 
l,SX10-» 
3.4X1.0-* 



0^00024 

0.00026 

0.00020 

2.0 

0.35 

0.B3 

0.020 

3.0. 

Q,00€0 



1.6X10* 
1. 9X1 OP 
2.4XiO» 

e.ixio«» 
4.axio<» 

4;5X10» 
2.4X10» 
9,6XI0« 
3.5X10* 



fca. 2 X10» 
1.8 X10» 
1,6 X10> 
3.04X10* 

6^X10*^ 
L.6XI0«^ 
ca. 2X10« 
2.7X10» 



5—9.5 
7;8 
7.a 
7.8 

7.8 
7—8.8 
7.4 
7,4 



25,26 
24 
24 
27 

This work 
28 
29 
30 
8 



a) The Collowing molccttlar -sweishts were wed: Cu.2Ui-SOD (32000), Mn-SOD <4OOO0); Fc-SOD (39000). 
^^F^Si^^iJL^^^'*^^^' ascorbate oxidase (1 40000), iciTicytochxoroe c (12400). peTOxiaaisc (40000)i andciulase 
(240flpfflH; t>):T?he.;iFvolarity jdf JDn was calculated from tliis value, c) Calculatcdironi ihcdaia ot Rcf: 28. d) Rate 
constant for the reaction bccwieen ,hQrse|adi»h peroxidase Compound I and Oi". 
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replaced by < 1— X)-iroand {X/(l^JC)}.IDso, respective- 
ly. The /o and IDso wicre fixed 2t suitable values which 
led CO a best (it to, the experimental data. Simulation 
values were calculated by changing variable X from 
0.01 to O.d^ at intervaU of 0^05. Figure 5 shows both 
simulated (•) and experimeiml (O) valuer of 
Cu^-SOD. Both values agreed well and ihe validity 
of our ireatmem was confirmc<f. By the simulation, 
the IDso's of Cu.Zn-SOD could be evaluated jnore 
exactly, llie IDsos of the other substances were deter- 
mined in the same manner. 

Table 1 shows the IDso's* evaluated rate constants 
(hi) and reported rate constants Ik^). of several 
biological substances, where Arer of Refs, 25-^30 
were the values obtained direcdy by a pulse radiolysis 
method; the others v^ere indirectly obtained by 
the kinetic competition method. In the table, the 
rate constants of Cu^n-SOD, Mn-SOD, Fe-SQD, 
ceruloplasmin, ferricytochrome c, peroxidase, caialase 
and L-ascorbic add agree with the reported values 
within one order of uiagnitude.*^ 

Thus, we oonciuded thau (1) the original &i in ReL 
14 was really an exact value; <2) our. method gave 
reasonable valu<?s as: Aa; (3) the cpncenoration of DMPO 
essentially did not affect the reaaiviiy of above 
biological substances; (4) there was no reference of the 
reactivity between ascorbate oxidase and Oa", but the 
ascorbate oxidase showed, a strong reactivity with Oa"* 
and (5) these rate constants l^dirhe a goo^ 
the reactivity. 

In general, the ESR spin-trapping technique could 
scarcely be used for a kinetic investigation pi the 
reaaivity between an activated short-lived radical 
intermediate and its scavenger^ This new kinietic 
analysis technique wiH be applied lo.an investigadbn 
of the SOT>4tke tunction of drugs. 

We are grateful to Dr. Ilaakp Ueno of the University 
of Tokyo, Institute :of Medical Science Cor her helpful 
suggestion to our biochemical expertmenis. We also 
wish lo express our thanks to Dr. Kiyoko Yamamoto 
of the Institutie of Physical and Chemical Research 
(RIKEN) for her Vj»luabk advice on arranging this 
work. 
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